LAB were isolated from makgeolli locally produced around Jinju, Gyeongnam, S. Korea during spring of 2011. Randomly selected 11 isolates from MRS agar plates were identified first by API CHL 50 kits and then 16S rRNA gene sequencing. All 11 isolates were identified as Lactobacillus plantarum. Among them, ST4 grew in MRS broth with ethanol up to 10%, showing the highest alcohol resistance. L. plantarum ST4 was moderately resistant against acid and bile salts. When cellular proteins of L. plantarum ST4 under ethanol stress were analyzed by two-dimensional gel electrophoresis (2DE), the intensities of 6 spots increased, whereas 22 spots decreased at least 2-fold. Those 28 spots were identified by peptide mass fingerprinting (PMF). FusA2 (elongation factor G) increased 18.8-fold (6% ethanol) compared with control. Other proteins were AtpD (ATP synthase subunit beta), DnaK, GroEL, Tuf (elongation factor Tu), and Npr2 (NADH peroxidase), respectively. Among the 22 proteins decreased in intensities, lactate dehydrogenases (LdhD and LdhL1) were included.
Makgeolli, also called takju, is a traditional Korean rice wine, fermented from rice or rice supplemented with other grains such as wheat or barley at variable ratios [17] . Makgeolli fermentation starts by mixing cooked rice (or mixture of rice and other grains), water, and nuruk, a key raw material and the main source of amylases and proteases. Traditionally, nuruk is made from wheat bran. Wheat bran, previously soaked in water and molded into a disc or brick shape, is incubated at room temperature for a couple of days, resulting in nuruk. During the incubation period, various microorganisms grow and the most important organisms are fungi [12] . Enzymes for saccharification of starch in rice and other grains are provided mainly by the fungi propagated in nuruk. Wild yeasts, either present in nuruk or provided separately, carry out alcohol fermentation using released sugars as substrate. The typical alcohol content of makegeolli is 6-8% and makgeolli is rich in dietary fiber, vitamin B 2 , and LAB [17] . LAB are responsible for the sour taste of makgeolli by producing organic acids such as lactic acid, succinic acid, and acetic acid [13] . Thus, alcohol fermentation and lactic acid fermentation occur simultaneously during makgeolli production. Studies were done on fungi and yeasts [12, 14, 22, 28] but few studies have been done on LAB from makgeolli despite of their important roles on the quality of makgeolli [11, 29] . Use of LAB with desirable properties is an effective method to improve or modify the quality of makgeolli, since metabolites or metabolic activities of LAB could affect the organoleptic properties of makgeolli, as demonstrated for malolactic fermentation for wine making [20] . In addition to their role as starters, LAB can also serve as probiotics. LAB with probiotic properties could confer an additional benefit, such as health-promoting effects to consumers, when used for makgeolli production [18] . When selecting LAB as makgeolli starters, resistance to ethanol is an important criterion since growth of LAB should not be inhibited by ethanol produced by yeasts. In particular, strains with high alcohol resistance are required when makgeolli with higher alcohol contents is produced.
In this respect, understanding the alcohol stress response of LAB is important for basic research and also for applied studies such as development of starters for makgeolli with higher alcohol contents. It is well known that microorganisms adapt to adverse environments including *Corresponding author Phone: +82-55-772-1904; Fax: +82-55-772-1909; E-mail: jeonghkm@gnu.ac.kr ethanol by overproducing some proteins critical for survival, whereas production of most unnecessary proteins is greatly reduced or completely stopped. Although stress responses against acid, bile salts, and heat have been studied for LAB [2, 3, 6, 23] , no works have been done so far on LAB isolated from makgeolli. LAB, exerting alcohol stress responses to protect themselves against toxic effects of ethanol, grow rapidly during makgeolli fermentation. We isolated 11 Lactobacillus plantarum strains from commercial makgeolli products produced around Jinju, Gyeongnam, Korea, during spring of 2011 and examined their properties. One strain, ST4 showing higher alcohol resistance than other isolates, was selected and its proteins, increased or reduced by alcohol, were studied in detail by proteomic approach. Other properties required for probiotics were also examined.
MATERIALS AND METHODS
Isolation of LAB from Makgeolli LAB were isolated from unpasteurized makgeolli purchased from local grocery stores in Jinju, Gyeongnam, South Korea during spring season of 2011. Makgeolli samples were diluted with 0.1% peptone water and aliquots of each dilution were spread on MRS (Difco, BD, Franklin Lakes, NJ, USA) plates with cycloheximide (50 µg/ml). After 48 h at 37 o C, big colonies were selected and streaked again on MRS agar plates to obtain single colonies. Each colony was inoculated into MRS broth, grown overnight, and then stored at -75 o C.
Identification of LAB
Selected isolates were identified first by using an API kit (API 50 CHL, BioMerieux, Marcy l'Etoile, France) and then by 16S rRNA gene sequencing. A 16S rRNA gene fragment was amplified from genomic DNA of each isolate. Total DNA was extracted from culture of each isolate by using a DNeasy blood and tissue kit (Qiagen, Hilden, Germany). The PCR reaction mixture consisted of template DNA (1 µg), primers (1 µM) (27F, 5'-AGAGTTTGATCATGGCTCAG-3'; 1492R, 5'-GGATACCTT-GTTACGACTT-3'), Taq DNA polymerase (1 U; TaKaRa, Shiga, Japan), MgCl 2 (2.5 mM), dNTPs (100 mM), and 1× PCR buffer supplied by the manufacturer. Oligonucleotide primers were synthesized at Cosmogentech (Seoul, Korea). The PCR reaction mixture was preheated for 5 min at 95 Ethanol, Acid, Bile, and Salt Tolerance of L. plantarum ST4 L. plantarum ST4 was grown in MRS broth at 37 o C until the OD 600 reached 1.5. Then the culture was used to inoculate L. plantarum ST4 into fresh MRS broth [1% (v/v)] for growth studies. Growth of L. plantarum ST4 was measured in MRS broth containing ethanol at the concentration of 0%, 5%, 8%, 10%, and 15%, respectively. OD 600 values were measured at every 6 h during 60 h growth at 37 o C. The effect of pH on the viability of L. plantarum ST4 was examined by inoculating L. plantarum ST4 into MRS broth where the initial pH was previously adjusted to 2, 3, 4, 5, and 6 with HCl, respectively. After 4 h at 30 o C, viable cells were counted. Bile salt tolerance of L. plantarum ST4 was examined by measuring the viable cells after being exposed to MRS broth with 0.1 and 0.3% (w/v) bile salts (cholic acid sodium salt 50% and deoxycholic acid sodium salt 50%; Fluka, Cat No. 48305) for 4 h. Salt tolerance was examined by measuring the OD 600 value of culture in MRS broth with NaCl [1.0-10% (w/v)] for 84 h at 37 o C.
Two-Dimensional Gel Electrophoresis and Image Analysis
Sample preparation for two-dimensional gel electrophoresis (2DE) was carried out as described by Cho et al. [5] . After washing with solution of 40 mM Tris-HCl (pH 7.2) and 1 mM EDTA, L. plantarum ST4 cells were lysed using buffer containing 9.5 M urea, 4% CHAPS, and 35 mM Tris-HCl (pH 7.2). Solubilized protein samples (200 µg) were mixed with the rehydration solution containing 8 M urea, 4% CHAPS, 10 mM DTT, and 0.2% carrier ampholytes (pH 4.0-7.0), to a final volume of 320 µl and applied to immobilized pH gradient (IPG) strips (17 cm; Bio-Rad) of pH 4.0-7.0 in a reswelling tray (Bio-Rad). After the IPG strips were rehydrated, IEF (isoelectrofocusing) was performed using a protein IEF cell (BioRad) and three preset programs consisting of the first conditioning step (15 min at 250 V), the linear voltage ramping step (3 h at 10,000 V), and the maximum voltage ramping step of up to 90,000 Vh. The current did not exceed 50 µA per strip. Following IEF, the strips were equilibrated with 0.375 M Tris buffer (pH 8.8) containing 6 M urea, 2% SDS, 20% glycerol, 2% DTT, and 0.01% bromophenol blue. The strips were equilibrated again with the same buffer supplemented with 2.5% iodoacetamide. SDS-PAGE, the second dimension, was carried out overnight at 20 mA per gel using a 12.5% separating polyacrylamide gel without a stacking gel. The resolved protein spots were visualized by silver staining and scanned using a Fluor-S MultiImager (Bio-Rad). The spot intensities of each sample were determined and analyzed using PDQUEST 2-D Gel Analysis Software Version 8.0 (Bio-Rad).
In-Gel Digestion of Protein Spots
Silver-stained spots were excised from the 2DE gels and transferred into microcentrifuge tubes. The spots were destained with fresh chemical reducers (1:1 mixture of 30 mM potassium ferricyanide and 100 mM sodium thiosulfate) with occasional mixing until the brownish color disappeared. The gel pieces were rinsed three times with distilled water to stop the reaction. Ammonium bicarbonate (500 µl of 200 mM) was added to cover the gels for 20 min and then discarded. The gel pieces were dehydrated with 100 µl of acetonitrile and dried in a vacuum centrifuge. In-gel digestion was carried out by the method described by O'Connell and Stults [21] . Gel pieces were rehydrated with digestion buffer (50 mM NH 4 HCO 3 , 5 mM CaCl 2 ) containing trypsin (Promega, V5280, 12.5 ng/ml) and incubated on ice for 45 min. The enzyme solution was replaced with 20 µl of digestion buffer without enzyme and incubated overnight at 37 o C. The gel pieces were vortexed vigorously for 30 min. The digested solution (20 µl) was transferred into a clean tube and dried under vacuum. The resulting pellet was dissolved in 2 µl of 0.1% trifluoroacetic acid (TFA).
